The introduction of oral pharmacotherapy dramatically changed practice patterns in erectile dysfunction. The direct effect was to decrease the numbers of patients seeking penile implants; an indirect effect has been the changing ratio of new, to re-do operations. Patients seeking replacement inflatable penile prosthesis (IPP) surgery pose challenges both in diagnosis and management; in very select cases preoperative MRI can be useful in the evaluation of the patient's complaint and in planning operative management. Imaging can supplement the physical exam; in certain cases imaging will reveal: crural herniation, corporal distortion, corporal fibrosis, and hardware migration. Inflatable penile prosthesis has a high rate of satisfaction for patients (89%) and partners (70%). The prinicipal reasons for dissatisfaction are penile shortening, pain and frustration with reoperation. If pain is not due to infection, it may be secondary to malpositioning, improper sizing, cylinder cross-overs, or herniation. After one or more reoperations, penile distortion may occur secondary to tunica albugenia thinning or fibrosis. A series of cases will be presented to highlight the utility of MRI for IPP problems, define normal appearance and abnormal appearance of penile hardware. Careful collaboration between the Urologist and Radiologist in the review and final dictation of these cases is warranted to properly document problems and to plan device replacement/penile reconstruction.
Introduction
Surgical implantation of inflatable penile prosthesis (IPP) is the preferred treatment option for patients with organic erectile dysfunction not responsive to medication or noninvasive therapy. [1] [2] [3] Noninfectious postoperative complications occur infrequently. 4, 5 Unfortunately in some patients, physical examination and conventional radiology are not accurate in determining the etiology of postoperative complications. 6 Magnetic resonance imaging (MRI) offers superior definition of softtissue planes and definition of penile anatomy in three orthogonal planes in a nonionizing fashion. Its utility in evaluating the malfunctioning IPP has been proposed to be efficacious in determining patient management and planning of operative intervention. 7, 8 We present select cases of IPP patients with complications or malfunctioning devices evaluated by MRI. Six patients with penile pain, underinflation, circumferential fibrosis, aneurysmal dilation, penile deviation, and corporal rupture secondary to trauma are presented. The MRI findings and their contribution to patient management and surgical planning are described.
Technique
MRI was performed using one of two 1. 5 T MRI systems (Magnetom Symphony or Magnetom Sonata; Siemens, Erlangen, Germany) in conjunction with a phased-array, body coil. In preparation for scanning, the scrotum was elevated on towels and the penis stabilized in anatomic position on the anterior abdominal wall. To avoid physical distortion of the penis as well as near-field artifact, a layer of soft foam was routinely placed between the penis and the surface coil.
A series of tri-planar T2-weighted sequences were acquired, and then repeated following inflation of the device. We ask the patient to confirm visually the degree of inflation prior to scanning this second series. T2 contrast is the most appropriate for penile and pelvic anatomy as well as for imaging fluidfilled structures, for example, the penile prosthetic components. Since T1 image contrast contributes little in evaluating the relevant anatomy, T1-weighted sequences were not used, nor was gadolinium contrast.
Each series included the following: coronal large field-of-view half-Fourier single-shot turbo-spin echo (HASTE) to provide an overview of the anatomy and to localize the reservoir and pump; sagittal and axial high-resolution turbo-spin echo (TSE) T2 images through the penis and perineum for detailed evaluation of penis and prosthetic components; and axial TSE T2 images with fat suppression for a complete look at the pelvis through the scrotum, and to exclude any confounding information from fat. Sections were 5 mm in thickness. For the smaller field-of-view sequences, slice thickness was 4 mm.
Case presentations

Patient 1
A 61-year-old male presented for consultation regarding left-side penile deviation and perineal discomfort worsened by inflation. This was the patient's second inflatable implant which had been in place for approximately 1 y. The first prosthesis was replaced after 10 y of use because of device leakage. Physical examination revealed no signs of infection. The prosthesis easily inflated with 10 pumps and demonstrated definite asymmetry. The right rear tip extender was not palpable but the left was. The MRI in Figure 1 shows that the left rear tip extender has ruptured through the crus and lies in the ischiorectal fat. The patient was taken to the operating room and the crural herniation repaired with prolene mesh. Figure 2 demonstrates the postoperative appearance of the repaired crus.
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Patient 2
A 54-year-old male with a 10 y history of noninsulin-dependent diabetes presented for consultation concerning persistent, intermittent tingling discomfort on the distal right aspect of the penile shaft. An IPP had been placed 2 y previously for diabetic vasculogenic erectile dysfunction. Physical examination was unrevealing; cystoscopy showed no fossa navicularis erosion. A distal perforation into glans tissues was suspected. The MRI in Figure 3 demonstrates the reservoir to be intact in the space of Retzius with no signs of herniation or edema. The distal prosthesis compresses the proximal glans symmetrically without buckling. Further evaluation included lower extremity EMG which demonstrated severe peripheral neuropathy. Owing to the normal MRI findings and the abnormal lower extremity nerve testing, the etiology of the patient's pain was determined to be diabetic dysesthias. The patient was placed on Neurontin 300 mg t.i.d. and his discomfort has since dissipated.
Patient 3
A 76-year-old male presented for consultation regarding insufficient insufflation of his 10 y old IPP. There was no history of trauma and the onset of insufficient insufflation was sudden in onset. Physical examination revealed the prosthesis to be in good location with no signs of edema or erythema. The prosthesis gained 50% rigidity with five pumps but would not hold its charge. MRI findings in Figure 4 demonstrate the typical MRI findings of empty cylinders and empty reservoir during inflate and deflate sequences. Over several weeks with repeated attempts inflation became impossible, consistent with hardware leakage.
Patient 4
A 66-year-old nondiabetic patient was status-post IPP placement 1 y previously and presented for Figure 7 demonstrated poor filling of the left corporal body and septal disruption, with excessive filling of the right. There was no urethral trauma.
Patient 6
A 67-year-old male presented with complaints of an inability to completely deflate his prosthesis. He has also noted two episodes of blood-tinged urine. The prosthesis had been in place for 5 y. He had history of Peyronie's disease with several unsuccessful operative interventions in the past, culminating in the placement of an IPP. Physical examination showed a lock point was reached before maximal inflation or deflation. Filling was dramatically asymmetric. Cystoscopy revealed no signs of erosion. MRI in Figure 8 reveals anuerysmal dilation secondary to contained corporal rupture of the cavernous septum. The patient had several episodes of hematuria, and was at risk for urethral erosion. In the office, sterile puncture and complete aspiration of cylinder were performed. Definitive operative repair was postponed at the patient's request.
Discussion
Implantation of the IPP is the preferred treatment option in males with organic erectile dysfunction MRI in evaluating IPP DD Thiel et al not responsive to medication or minimally invasive therapy. [1] [2] [3] Patient satisfaction with the contemporary IPP is 80-90%. The modern inflatable device has a 2 y survival rate of 93.1% and a 5 y survival rate of 82.4%. 9 Revision rates have been reported in approximately 1-20% of all IPP patients. 10 The most commonly described IPP complications are persistent penile pain, crural perforation, bending, erosion, and mechanical malfunction. 7, [11] [12] [13] Evaluation of the malfunctioning penile prosthesis is difficult by palpation alone. The cylinders when collapsed are wrinkled and deform the tunica albuginea. Conventional radiology was an option in the past when IPP components contained radioopaque medium. Modern day use of saline-filled implants has eliminated conventional radiology as an imaging modality. Inflatable penile prosthesis can be imaged with CT scanning, but complications with the implant will not be apparent except in very advanced cases. 13, 14 CT is also limited by imaging only in the transverse plane.
MRI offers a nonionizing method of evaluating normal penile anatomy, location of IPP components, and soft-tissue interfaces. MRI also offers the unique opportunity to evaluate penile anatomy and the IPP in three orthogonal planes with excellent structural detail. 13 MRI clearly was advantageous in defining the problems in this select group of patients, with the exception of the patient with the slow leak from his hardware. The leak became self-evident in the weeks following initial presentation. Our MRI protocol is described in the technique portion of this article. The key modification of our protocol from others in the literature is that T1 imaging and gadolinium are not routinely used for standard evaluation due to insignificant contribution in imaging the relevant anatomy. T1-weighted images are only added if hematoma or infected fluid collections are suspected. The evaluation of possible hematoma requires gadolinium administration and T1-weighted imaging.
T2-weighted images demonstrate the fluid-filled components of the IPP to have high signal intensity and offers the best distinctions between corpora cavernosum, spongiosum, tunica albuginea, and prostate. Figure 9 demonstrates the typical high signal intensity of the fluid-filled cylinders with T2-weighted imaging. The prosthesis itself is made of silicone or a plastic elastomer and is relatively devoid of signal. The corpora cavernosum and corpus spongiusum have medium signal intensity that increases with inflammation or fibrosis. The tunica albuginea is seen as a low signal region surrounding the corpora cavernosa.
Imaging strategy is important in obtaining the optimal benefit from MRI utilization in evaluating the IPP. We utilize a 1.5 T magnetic field. It has been shown that magnet field strength does not affect the diagnostic accuracy of evaluating normal and abnormal penile anatomy. 13 It is important that the radiologist be familiar with the different types of implants and their components. Deflated and fully inflated views are paramount in achieving maximal benefit. As described above, we feel it is important that the patient confirm maximal inflation/deflation during imaging sequences.
Patient 1 complained of penile deviation with inflation. Physical examination was indeterminate as to the cause of the asymmetry. The MRI in Figure 1 demonstrating crural rupture clarified the extent of surgery needed. Crural rupture typically occurs during vigorous intraoperative proximal dilation. If the perforation is not recognized intraoperatively, the patient will typically present with signs or symptoms secondary to proximal cylinder migration. Some patients may complain of the glans bowing over the tip of the prosthesis rather than being supported by the distal prosthesis (a.k.a. SST deformity). 15 Crural perforation may also occur postoperatively secondary to sexual intercourse and in our experience is more common with semirigid prosthetics. Dacron 'socks' have been described in the repair of crural perforation noted at the time of implant. In this case because of impending perirectal erosion, repair was initiated from below with prolene mesh, anchoring to the periosteum.
Patient 2 was a diabetic who complained of intermittent penile discomfort more than 1 y after implantation. Subclinical infection was suspected and total explantation had been recommended by another surgeon. Chronic penile pain is a common cause of patient dissatisfaction with IPP. 16 Moncada in 1998 noted that 12 of 14 patients with persistent penile pain had buckling of oversized cylinders on MRI and that MRI was 100% sensitive in determining the pathologic cause of prolonged post-prosthetic penile pain. 7 A normal MRI with absence of buckling and the patient's subsequent EMG demonstrating severe lower extremity sensorimotor neuropathy substantiated conservative therapy in this patient.
Patient 3 presented with complaint of partial filling of a 10 y old IPP. The patient's history and examination were consistent with a system leak. We did not find MRI useful in site-specific localization of leakage.
Patient 4 presented with penile discomfort and indurated penile plaques on physical examination consistent with circumferential Peyronie's disease. The appearance of angulated cylinders and fibrosis on MRI, demonstrated that the corpora were too small to contain the cylinders. The MRI ruled out cylinder buckling (from excessive length). The MRI clearly demonstrated that expansion of corporal bodies with patch graft would be needed to accommodate the circumference of the inflated cylinders. Figure 9 MRI appearance of fluid-filled cylinders and corpora on T2-weighted imaging. T2-weighted image demonstrating the high signal intensity of the fluid-filled corporal cylinders (CC). The corpora cavernosum and the corpora spongiousum demonstrate a medium signal appearance. The residual corporal tissue is surrounded by thin tunica albuginea with low signal. The prosthesis is made of silicone or a plastic elastomer and is relatively devoid of signal on T2 images. Adjacent to the reservoir (R) is the bladder (B).
Patient 5 is representative of patients presenting with penile trauma occurring with an inflated implant. The MRI images in Figure 7 demonstrate the exact point of injury requiring repair. The advantage to MRI imaging in this patient population is that it allows us to detect urethral involvement if it has occurred. MRI has been shown to be efficacious in evaluating urethral trauma and in planning the proper corrective surgical approach. 13, 17 Penile fracture results following forceful deflection of the erect shaft; blow-out is typically distal to the suspensory ligament and is lateral. Fracture may include rupture of the corporal septum. This case illustrates that having a penile implant does not preclude penile fracture.
Patient 6 presented with aneurysmal dilation and buckling of a corporal cylinder. Pre-existing weakness in the tunica albuginea is known to increase the risk of cylinder aneurysm. 18 Patients often complain of gradual loss of penile rigidity, but they may also present with angulated or asymmetric erections. 7, 19 The aneurysmal dilation in this patient was causing a lock-out effect and preventing complete deflation.
MRI may be contraindicated in patients with ferromagnetic metallic implants secondary to the risk associated with movement or dislodgement. There is also the risk of excessive heat transmission, induction of electrical current, and image artifact. 20 Eight penile implants including the American Medical Systems and Mentor Corporation IPP products have been tested in a 1.5 T magnetic field and shown to demonstrate no movement or deflection upon magnetic exposure. 21 Inflatable penile prosthesis can safely be imaged with MRI without risk of damage to the implant or injury to the patient. To optimize studies, the Urologist should familiarize the Radiologist with the type of implant being imaged, a working model is most helpful; request inflation and deflation views, and avoid undue penile compression by heavy blankets.
Conclusion
Patient satisfaction with the modern inflatable penile prosthesis is high, but complications and device malfunction do occur. Overt findings of infection (erythema, warmth, skin fixation, sinus tract, or penile swelling) merit immediate intervention and these cases are rarely evaluated using MRI by our team. Long-term problems with IPPs include: device failure, penile pain, pump erosion, glans/ crural erosion, suboptimal placement or migration of pump or reservoir, aneurismal dilation of cylinders, and corporal rupture. Physical examination is limited, and current saline-filled implants preclude the use of conventional radiology in the evaluation of the dysfunctional IPP. Proper use of T2-weighted magnetic resonance imaging is a safe nonionizing method to evaluate penile anatomy and the inflatable penile prosthesis in three orthogonal planes. These six case reports demonstrate how MRI and its superior definition of tissue planes can provide very useful information as to the etiology of prosthesis problems and provide an excellent resource for surgical planning.
